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BASIC ELEMENTS OF A TURBOPUMP 
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PRINCIPLE OF TURBOMACHIERY OPERATION 
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PRINCIPLE OF TURBOMACH I ERY OPERATION 
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EULER PUMP EQUATION 
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EULER PUMP EQUATION 



Thus AH = r|A(UCu)/g 

Euler Head AH E = A(UCu)/g = Ideal Head 


IMPELLER VELOCITY DIAGRAMS 
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PUMP PARAMETERS 
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PUMP EFFICIENCY 

Efficiency Related to Stage Specific 
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PUMP SUCTION PERFORMANCE 
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PUMP SUCTION PERFORMANCE 
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Fig* 6-21 Typical cavitation characteristics of a 
pump operated at rated design speed* 
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Multi stage has multiple nozzles and rotors 
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Fig. 6-55 Nozzles, rotor blades, and velocity diagrams of a typical single-stage impulse 
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Single-stage, Single-stage; ... Three-stage 

single-row two-row reaction turbine 

impulse turbine velocity compounded -50% reaction 

.mpulse turbine 


TURBINE PARAMETERS 
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THERMODYNAMIC PROCESS 
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Flow exits parallel to shaft center line 
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Isentroplc Velocity Ratio U/C 0 

Fig. 6-56 Effect of nuiobcr of active arcs on 
partial-admission turbine efficiency. 

Can be required for low flowrate turbine 
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- Turbine inlet temperature maximized to 
reduce turbine flow 
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Oxidizer flow 
control valve . 
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ROCKET ENGINE CYLCES 

Table 6-2 Operating parameters for turbopumps 
on the SSME at rated power level. 
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- Rub tolerant materials needed 

- Hybrid design that uses rolling 
elements during transients 
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Angular-Contact Ball Bearing 
Fig. 6-66 Typical ball-bearing designs. 
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Typical Hydrostatic Bearing 
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Rotor Support Stiffness (Log Scale) 

Fig. 6-62 Effect of rotor supports on critical 
speeds. 
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Dynamic seals must not fail 
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• Utilize hydrostatic forces to maintain close 
clearance 
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Pressure Profile 

Fig. 6-74 Raylelgh-step hydrodynamic face seaL 
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Fig. 6-78 Typical seal system for sep 
high-pressure propellants. 
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TURBOPUMP AXIAL THRUST BALANCE 
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Fig. 6-45 Balance-piston concept. 
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deflections resulting from thermal and 
pressure loads 
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Fig. 6-43 Typical layout of the diffuser for a pump. 
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Fig. 6-42 Typical double-tongue and double- 
discharge volute configurations. 
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Turbomachinery design iterative and 
requires the interaction on many 
disciplines. 
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Turbine sizing /*r<8?&ut studies (1 -D Meanline) 
Turbine diameter, Blade height, Efficiency 
Nozzle area/shape, Inlet and exit duct diameters 
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SUMMARY 

ROCKET ENGINE TURBOPUMPS 





• Extremely high heat transfer coefficients 

- Stringent suction performance 
requirements to minimize tank weight 
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gradients 

Life requirements are short relative to other 
turbomachines 

• Hundreds of cycles and a few hours of 
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• Hundreds of cycles and a few hours o 
operation for reusable systems 

- Meeting these is a challenge 
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